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Aerial parts of the small perennial shrub Baccharis retusaDC. were collected during October 2008 in Campos do Jordão, São
Paulo, Brazil. A voucher specimen (SPSF44897) was deposited at the Herbario D. Bento Pickel, Instituto Florestal de São Paulo
(IF/SP), São Paulo, Brazil.
2. Previous work
The genus Baccharis is amember of the family Asteraceae and comprises approximately 500 species.Members of this genus
have been described in various regions of South and Central America, particularly in Brazil, Colombia, Argentina and Mexico
(Heras, 1976). The genus is known to accumulate several classes of natural products, including ﬂavonoids (Bohm and Stuessy,
2001; Grecco et al., 2010a; Verdi et al., 2005), diterpenes (Fullas et al., 1994; Torres et al., 2000), triterpenes (Grecco et al.,
2010b; Moreira et al., 2003; da Silva Filho et al., 2009) and trichothecenes (Verdi et al., 2005). Additionally, various terpe-
noids have been identiﬁed in the essential oils of Baccharis species (Agostini et al., 2005; Biurrum et al., 2005; Garcia et al.,
2005; Lago et al., 2008a; Malizia et al., 2005; Pino et al., 2006; Simões-Pires et al., 2005), and differences in the chemical
proﬁles of male and female specimens have been reported (Ferracini et al., 1995; Lago et al., 2008b; Zunino et al., 2004).
B. retusa is distributed widely throughout Brazil and is reported to have both ethnomedicinal and therapeutic uses
(Barroso, 1976). Details of the isolation of sakuranetin (Herz et al., 1977) and 5,6,7-trihydroxy-40-methoxy ﬂavanone (Grecco
et al., 2010a) from B. retusa have been published, but more extensive information concerning the constituents of this species is
not currently available. In this paper, we describe for the ﬁrst time the phytochemical analysis of a methanolic extract derived
from the aerial parts of B. retusa and the isolation of eight ﬂavonoids and three chlorogenic acid derivatives.3.
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Powdered air-dried aerial parts of B. retusa (460 g) were defatted with hexane (4  500 mL) and extracted exhaustively
with MeOH at room temperature. After partial removal of the solvent, the extract was resuspended in MeOH:H2O (1:2 v/v)
and extracted successively with hexane, CH2Cl2, EtOAc and n-BuOH. The CH2Cl2 phase was subjected to CC over silica gel
and eluted with CH2Cl2 containing increasing amounts of EtOAc (up to 100%), then with EtOAc:MeOH (1:1 v/v), and ﬁnally
with pure MeOH to yield eight fractions (A1–A8). Fraction A1 (89 mg) comprised fatty material while fraction A2 (736 mg)
afforded 1. Fraction A4 was subjected to CC over silica gel with the chromatographic conditions described above to yield
twelve fractions (A4/1–A4/12). Fractions A4/2 (29.4 mg) and A4/8 (6.5 mg) afforded 2 and 6, respectively. NMR analysis
revealed that fractions A5–A8 comprised free fatty acids. The EtOAc phase was subjected to CC over Sephadex LH-20 and
eluted with MeOH to yield seven fractions (B1–B7). Fractions B5 (782 mg), B6 (22.8 mg), and B7 (5.6 mg) afforded pure
compound 7. Fractions B3 and B4 were subjected separately to CC over Sephadex LH-20 and eluted with MeOH to yield,
respectively, ﬁve (B3/1–B3/5) and six (B4/1–B4/6) fractions. Fractions B4/3 (94 mg) and B4/4 (6.4 mg) afforded 7 and 6,
respectively. Fraction B3/3 was submitted to semi-preparative reversed-phase (C18) HPLC eluted with MeOH:H2O (linear
gradient from 1:1–1:0 v/v over 20 min; ﬂow rate 2.4 mL/min; detection 280 nm) to afford 2 (9.6 mg), 4 (19.1 mg) and 5
(17.4 mg). Fraction B4/2 was submitted to semi-preparative reversed-phase (C18) HPLC using the chromatographic
conditions described above to afford 3 (6.3 mg), 8 (8.1 mg) and a mixture of 7 and 8 (7.8 mg). The BuOH phase was
subjected to CC over Sephadex LH-20 and eluted with MeOH to yield ten fractions (C1–C10). Fraction C8 (50.3 mg) afforded
a mixture of 9–11.
The 1H and 13C NMR spectra, as well as the low resolution ESI-MS, of compounds 1–11were recorded and compared with
literature data to establish the following identities: 1 – sakuranetin; 2 – naringenin, 3 – eriodictyol, 4 – taxifolin, 5 – aro-
madendrin, 6 – apigenin, 7 – quercetin, 8 – kaempferol, 9 – 3,4-O-dicaffeoylquinic acid, 10 – 3,5-O-dicaffeoylquinic acid, and
11 – 4,5-O-dicaffeoylquinic acid.4. Chemotaxonomic signiﬁcance
Details of the isolation of eight ﬂavonoids (1–8) and three chlorogenic acids (9–11) (Fig. 1) from the aerial parts of B. retusa
are described in the present report. Some authors have considered ﬂavonoid derivatives to be valuable taxonomicmarkers for
tribes and subtribes of the Asteraceae, particularly for Astereae/Baccharidinae of which the genus Baccharis is a member
(Emerenciano et al., 2001; Grecco et al., 2010b). According to Verdi et al. (2005), species of Baccharis accumulate mainly
ﬂavanones and ﬂavones, and this is in agreement with the present identiﬁcation of the ﬂavanones 1–3 and of the ﬂavones 6–8
in B. retusa. Flavonoids 4 and 5 are dihydroﬂavonols, and the occurrence in Baccharis of this class of compound is more
restricted. Taxifolin (4) and aromadendrin (5) have been isolated previously from Baccharis illinita (Verdi et al., 2004), while
the former has been detected in Baccharis petiolata (Bohm and Stuessy, 2001) and the latter in Baccharis pseudotenuifolia
(Moreira et al., 2003) and Baccharis punctulata (Jakupovic et al., 1987). The present report is the second to record the co-
occurrence of 4 and 5 in a species of the genus Baccharis.
The presence of compounds 2–8 in B. retusa is described here for the ﬁrst time. All of these ﬂavonoids present free hydroxyl
groups at C-7, C-5, C-40 and, with the exception of 2 and 6, at C-3 and/or C-30. However, ﬂavonoids that occur in species of
Baccharis frequently possess methoxyl substituents, particularly at C-6 or C-7 of ring A or at C-40 of ring B (Emerenciano et al.,
2001). On this basis, sakuranetin (1) could be considered to be a typical ﬂavonoid of the genus, and its presence has been
reported in Baccharis confertifolia (Faini and Castillo, 1990), Baccharis intermixta (Bohlmann et al., 1981a), Baccharis lep-
tocephala (Bohlmann et al., 1981b), Baccharis paniculata (Faini and Castillo, 1990), B. petiolata (Zdero et al., 1991), Baccharis
pteronioides (Wollenweber et al., 1986), Baccharis phylicoides (Bohlmann et al., 1985), Baccharis salicifolia (Zdero et al., 1986),
Baccharis serrulata (Bohlmann et al., 1981a), Baccharis sternbergiana (Bohlmann et al., 1984), Baccharis thesioides (Jakupovic
et al., 1990), Baccharis tricuneata (Bohlmann et al., 1984), and Baccharis trinervis (Bohlmann et al., 1979; Jakupovic et al.,
1991). According to the scheme of evolution of ﬂavonoid characters in the Angiosperms, as proposed by Harborne (1977),
the occurrence of ﬂavone/ﬂavanone derivatives sakuranetin (1), naringenin (2), eriodictyol (3) and apigenin (6) as the main
constituents would suggest that B. retusa represents an advanced evolutionary state, especially when compared with other
species of the subtribe Baccharidinae (Bohm and Stuessy, 2001).
The chlorogenic acids 9–11 were detected in the n-BuOH phase derived from the methanolic extract of B. retusa. The
occurrence of all three of these compounds has been recorded previously in Baccharis dracunculifolia (Midorikawa et al.,
2003), Baccharis genistelloides (Marques and Farah, 2009), B. thesioides (Miketova et al., 1999), Baccharis trimera and Bac-
charis usterii (Simões-Pires et al., 2005), while 9 has also been detected in Baccharis gaudichaudiana (Akaike et al., 2003). It is
important to note, however, that glycosylated ﬂavonoid derivatives, which represent an important characteristic of members
of the family Asteraceae (Verdi et al., 2005), were not detected in the more polar phases derived from the methanolic extract
of B. retusa.
Based on the phenolic derivatives isolated from B. retusa, it may be concluded that the phytochemistry of this species is
similar to that of other members of the genus Baccharis (Verdi et al., 2005). However, it is suggested that the co-occurrence of
dihydroﬂavonols 4 and 5, together with the presence of the C-7 methoxy ﬂavanone 1, may be considered as speciﬁc markers
of B. retusa.
Fig. 1. Structures of compounds isolated from the aerial parts of B. retusa.
S.dosS. Grecco et al. / Biochemical Systematics and Ecology 42 (2012) 21–24 23
S.dosS. Grecco et al. / Biochemical Systematics and Ecology 42 (2012) 21–2424Funding
This study was funded by CNPq and FAPESP (Grant number: 06/57626-5).
Acknowledgements
The authors wish to thank the Fundação de Amparo a Pesquisa do Estado de São Paulo (FAPESP) and the Conselho Nacional
de Desenvolvimento Cientíﬁco e Tecnológico (CNPq) for grants to SSG, MJPF, and JHGL. This study was supported by FAPESP
and CNPq.
References
Agostini, F., Santos, A.C.A., Rossato, M., Pansera, M.R., Zattera, F., Wasum, R., Seraﬁni, L.A., 2005. Rev. Bras. Farmacogn. 15, 215.
Akaike, S., Sumino, M., Sekine, T., Seo, S., Kimura, N., Ikegami, F., 2003. Chem. Pharm. Bull. 51, 197.
Barroso, G.M., 1976. Rodriguésia 28 (40), 3.
Biurrum, F., Juliani, R.H., Lopez, M.L., Zygadlo, J.A., 2005. J. Essent. Oil Res. 17, 122.
Bohlmann, F., Knauf, W., King, R.M., Robinson, H., 1979. Phytochemistry 18, 1011.
Bohlmann, F., Zdero, C., Grenz, M., Dhar, A.K., Robinson, H., King, R.M., 1981a. Phytochemistry 20, 281.
Bohlmann, F., Kramp, W., Grenz, M., Robinson, H., King, R.M., 1981b. Phytochemistry 20, 1907.
Bohlmann, F., Scheidges, C., Zdero, C., King, R.M., Robinson, H., 1984. Phytochemistry 23, 1109.
Bohlmann, F., Banerjee, S., Jalupovic, J., Grenz, M., Misra, L.N., Hirschmann, G.S., King, R.M., Robinson, H., 1985. Phytochemistry 24, 511.
Bohm, B.A., Stuessy, T.F., 2001. Flavonoids of the Sunﬂower Family (Asteraceae). Springer-Verlag,, Vienna.
Emerenciano, V.P., Militão, J.S.L.T., Campos, C.C., Romoff, P., Kaplan, M.A.C., Zambon, M., Brant, A.J.C., 2001. Biochem. Syst. Ecol. 299, 947.
Faini, C.L.F., Castillo, M., 1990. Phytochemistry 29, 324.
Ferracini, V.L., Paraiba, L.C., Leitao Filho, H.F., Silva, A.G., Nascimento, L.R., Marsaioli, A., 1995. J. Essent. Oil Res. 7, 355.
Fullas, F., Hussain, R.A., Chai, H.B., Pezzuto, J.M., 1994. J. Nat. Prod. 57, 801.
Garcia, M., Donadel, O.J., Ardanaz, C.E., Tonn, C.E., Sosa, M.E., 2005. Pest Manag. Sci. 61, 612.
Grecco, S.S., Reimão, J.Q., Tempone, A.G., Sartorelli, P., Romoff, P., Ferreira, M.J.P., Fávero, O.A., Lago, J.H.G., 2010a. Parasitol. Res. 106, 111.
Grecco, S.S., Gimenes, L., Ferreira, M.J.P., Romoff, P., Favero, O.A., Zalewski, C.A., Lago, J.H.G., 2010b. Biochem. Syst. Ecol. 38, 1234.
Harborne, J.B., 1977. Biochem. Syst. Ecol. 5, 7.
Heras, R.D.P.M., 1976. Mem. Soc. Cien. Nat. La Salle 37, 129.
Herz, W., Pilotti, A.M., Söderholm, A.C., Shuhama, I.K., Vichnewski, W., 1977. J. Org. Chem. 42, 3913.
Jakupovic, J., Warning, U., Bohlmann, F., King, R.M., 1987. Rev. Latinoam. Quim. 18, 75.
Jakupovic, J., Schuster, A., Ganzer, U., Bohlmann, F., Boldt, P.E., 1990. Phytochemistry 29, 2217.
Jakupovic, J., Schuster, A., Wasshausen, D.C., 1991. Phytochemistry 30, 2785.
Lago, J.H.G., Romoff, P., Fávero, O.A., Soares, M.G., Baraldi, P.T., Corrêa, A.G., Souza, F.O., 2008a. Quim. Nova 31, 727.
Lago, J.H.G., Romoff, P., Fávero, O.A., Souza, F.O., Soares, M.G., Baraldi, P.T., Corrêa, A.G., 2008b. Biochem. Syst. Ecol. 36, 737.
Malizia, R.A., Cardell, D.A., Molli, J.S., Gonzalez, S., Guerra, P.E., Grau, R.J., 2005. J. Essent. Oil Res. 17, 103.
Marques, V., Farah, A., 2009. Food Chem. 113, 1370.
Midorikawa, K., Banskota, A.H., Tezuka, Y., Matsushige, K., Message, D., Huertas, A.A.G., Kadota, S., 2003. Wakan Iyakugaku Zasshi 20, 187.
Miketova, P., Schram, K.H., Whitney, J., Kearns, E.H., Timmermann, B.N., 1999. J. Mass Spectrom. 34, 1240.
Moreira, F.P.M., Voutinho, V., Montanher, A.B.P., Caro, M.S.B., Brighente, I.M.C., Pizzolatti, M.G., Delle-Monache, F., 2003. Quim. Nova 26, 309.
Pino, J.A., Marbot, R., Payo, A., Chao, D., Herrera, P., 2006. J. Essent. Oil Res. 18, 266.
da Silva Filho, A.A., Resende, D.O., Fukui, M.J., Santos, F.F., Pauletti, P.M., Cunha, W.R., Silva, M.L., Gregório, L.E., Bastos, J.K., Nanayakkara, N.P., 2009. Fito-
terapia 80, 478.
Simões-Pires, C.A., Queiroz, E.F., Henriques, A.T., Hostettmann, K., 2005. Phytochem. Anal. 16, 307.
Torres, L.M.B., Gamberini, M.T., Roque, N.F., Landman, M.T.L., Souccar, C., Lapa, A.J., 2000. Phytochemistry 55, 617.
Verdi, L.G., Brighente, I.M.C., Schripsema, J., Braz-Filho, R., Pizzolatti, M.G., 2004. Biochem. Syst. Ecol. 32, 837–840.
Verdi, L.G., Brighente, I.M.C., Pizzolati, M.G., 2005. Quim. Nova 28, 85.
Wollenweber, E., Schober, I., Dostal, P., Hradetzky, D., 1986. Z. Naturforsch. C: J. Biosci. 41, 87.
Zdero, C., Bohlmann, F., King, R.M., Robinson, H., 1986. Phytochemistry 25, 2841.
Zdero, C., Bohlmann, F., Niemeyer, H.M., 1991. Phytochemistry 30, 1597.
Zunino, M.P., Lopez, M.L., Zygadlo, J.A., Lopez, A.G., 2004. J. Essent. Oil Res. 16, 29.
